Background: Fetal Growth Restriction (FGR) is the single largest contributing factor to perinatal morbidity in nonanomalous foetuses. Synonymous with Intrauterine Growth Restriction (IUGR), it is defined as an estimated fetal weight less than the10th percentile. Obstetric Doppler has helped in early detection and timely intervention in babies with FGR with significant improvements in perinatal outcomes. Hence, authors evaluated the maternal risk factors and diagnosis-delivery intervals and perinatal outcomes in FGR using Doppler. Methods: This research conducted in a tertiary care hospital in South Kerala included 82 pregnant women who gave birth to neonates with birth weight less than the 10th percentile over a period of1 year (Jan 1, 2017-Dec 31, 2017). Socio-demographic, maternal risk, Diagnosis-delivery interval in FGR and neonatal morbidities were studied. Results: Mean GA at diagnosis in weeks was 34.29 and 35.19 respectively for abnormal and normal Doppler respectively (p value-0.032). The mean birthweight in Doppler abnormal FGR was 272.34 g lesser than in Doppler normal group (p value-0.001). Growth restricted low birth weight neonates had Doppler pattern abnormalities (p value-0.0009). FGR <3rd percentile and AFI <5 had abnormal Doppler (OR:6.7). Abnormal biophysical profile (OR:14) and Non-Reactive NST (OR:3.5) correlated with abnormal Doppler. Growth restricted with normal Doppler had shorter NICU stays than with abnormalities (p value-0.003). Term FGR went home early than early preterm. (p value-0.001). Conclusions: Abnormal Doppler velocimetry is significantly associated with earlier FGR detection, shorter decisiondelivery interval, reduction in the mean birthweight and longer NICU stay. Hence, Umbilical artery Doppler and Cerebroplacental index is an integral part of in-utero fetal surveillance to identify impending fetal hypoxia, appropriate management, optimising the timing of delivery and improve perinatal health in FGR.
INTRODUCTION
Fetal Growth Restriction or Intrauterine growth restriction (IUGR) refers to a foetus that has failed to achieve its genetically determined growth potential and it remains one of the prime challenges in maternity care. 1, 2 It is defined as an estimated birth weight of less than 10 th percentile. 3 Nearly 75% of affected babies are born in Asia. IUGR can lead to increased perinatal morbidity and mortality and impaired neurodevelopment. 4 There is a high incidence of intrauterine fetal demise, intrapartum fetal distress and operative deliveries in FGR. In Early preterm FGR, iatrogenic prematurity is a pertinent issue. While in late preterm FGR/ early term risks of intrapartum fetal distress and demise is primary concern. Adverse perinatal outcomes were noted in severe FGR (<3 rd percentile). FGR is associated with Doppler signs suggesting hemodynamic redistribution as a reflection of fetal adaptation to undernutrition, hypoxia, histological and biochemical signs of placental disease and a higher risk of preeclampsia. 5 Maternal, fetal and uteroplacental causes contribute to FGR. Prediction of risk, timely detection of compromised foetus, strict surveillance and optimising time for delivery is the main aim of antenatal care. 6 Ultrasonogram is frequently done in antenatal period to assess fetal size (estimated baby weight) through serial fetal biometry measurements. Biophysical Profile (BPP) and Amniotic fluid index (AFI). The combination of these with Obstetric Doppler is the best available tool for identification of small foetus at risk of adverse outcomes. Doppler studies are non-invasive and involve Maternal Uterine arteries (Ut A), Fetal Umbilical artery (UA) for the placenta, Middle cerebral artery (MCA) for preferential brain perfusion and Cerebroplacental Ratio. 7, 8 CPR is calculated by dividing the middle cerebral artery (MCA) PI by the UA Doppler PI and reflects in a combined fashion mild increases in placental resistance with mild reductions in fetal brain vascular resistance. 9 As IUGR worsens, Doppler abnormality in these vascular territories also deteriorate suggesting a sequential pattern of disease progression accelerated by hypertension. 10 Meta-analysis and randomised controlled trials confirm that the use of umbilical artery Doppler abnormality is associated with significant reduction in perinatal mortality. 8 Before 34 weeks, FGR associated with Doppler abnormality affects Umbilical artery S/D ratio >3.0 followed by worsening of Doppler manifested as absent end diastolic flow (AEDF) and reversal of end diastolic flow (REDF). Near term, when umbilical artery changes are subtle, decreases in MCA Doppler indices and reversal of CPR is noted. Doppler velocimetry not only decides the optimum time of delivery but also the optimum mode of delivery. Among foetuses below the 10th centile, those with an EFW less than third centile have a much higher risk of adverse perinatal outcome irrespective of the CPR and Ut a Doppler indices 11 . So, the present research was undertaken to evaluate the sociodemographic variables, maternal risk factors, diagnosis-delivery interval, mode of delivery, birthweight and indications of operative delivery in FGR. Perinatal morbidity was assessed in terms of NICU stay, need for resuscitation and morbidities.
METHODS
Of the 972 deliveries with 980 neonates, 82 women with neonates less than the 10th centile were recruited for this study. This study was conducted in Department of Obstetrics and Gynaecology, Travancore Medical College, a tertiary care teaching hospital in South Kerala from January 2017 to December 2017. The study population consisted of 82 women with singleton pregnancies who gave birth to neonates with birthweights less than the 10 th centile (FGR). New-borns with birth weight below 10 th percentile for gestational age on the chart of fetal growth were classified as having fetal growth restriction. 
Statistical analysis
All the data was entered into Microsoft excel software and analysed using SPSS16 for windows. Descriptive analysis was done. Chi Square/ Fischer Exact has been used to find the significance of study parameters and P value of <0.05 was considered significant.
Interpretation of Doppler findings
Doppler was considered abnormal when
• Uterine artery (on side of placenta) Mean RI >0.56 or S/D ratio > 2.6. 
RESULTS
Out of the 972 deliveries, 82 subjects were recruited in this study.
Sociodemographic profile and FGR
Majority of mothers were in 25-29 (43.9%) age group with 41.46 % first time mothers. 46% had one live child and 12.2% had two live children. 25 subjects gave past h/o abortion.
FGR was noted in 8 of these women in their previous pregnancy.81.7% were from urban setup. There were 22 women (26.8%) referred to our tertiary centre for high risk care. 29.3% of subjects had received treatment for infertility. Birthweight from 2-2.499 kg constituted 53 neonates (64.63%) followed by 1.5-1.999kg (23.17%). 6.09%(n=5) each had birthweight<1.499 kg. 66.6% of babies with birthweight <2.5 kg had Doppler abnormal pattern. Doppler abnormality was statistically significant in low birth weight babies with FGR (p value-0.0009). NICU admissions were needed in 71 neonates (86.58%). Need to resuscitate were needed in 13.41% with need of Ventilator and CPAP. Neonatal morbidity in terms of NICU stay were grouped into mild (<5 days), moderate (6-10days) and severe (>10 days). Term FGR had shorter NICU stay and early preterm (59.18%) had longer NICU stay due to neonatal morbidities necessitating prolonged intensive care (p value:0.001). Sepsis, hyperbilirubinemia, respiratory distress syndrome, prematurity, hypocalcaemia, hypoglycaemia, hypothermia were the neonatal morbidities in our growth restricted. Distribution of neonatal morbidities in Doppler normal and abnormal groups are given in Figure 5 . The gestational age at diagnosis (mean) in weeks was compared in Doppler normal and Doppler abnormal and FGR was diagnosed earlier by nearly a week with significant p value. p value was not significant in the gestational age at delivery in weeks of the two groups. The mean birthweight in Doppler abnormal was 272.34 grams lesser than in Doppler normal group (p value 0.001). Perinatal morbidity in terms of NICU days (mean) was highly significant implying that growth restricted foetuses with Doppler pattern abnormality stayed mean of 3 days more than the Doppler normal group. (p value:0.003).
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DISCUSSION
Incidence of FGR was 10.35% in present study. National perinatal database reported the incidence of IUGR to be 9.65% among new born. 12 de Onis M opined that the 15, 16 57% were multipara in Satyavrathan V et al similar to ours (58%). 16 Infertility treated subjects were 29.3% as in Seal A et al. 17 Ghazi et al also in his study noted the increased incidence of infertility in FGR. 18 Those women with past history of spontaneous abortion were 2.21 times more likely to have an IUGR baby compared to women without such history in Motghare DD et al. 19 23, 24 As with Seal et al, majority (64%) of FGR were diagnosed between 32-34 weeks in this study. 17 In Lekshmi et al, 60% of the FGR were born to mothers <37 weeks and 29% <32 weeks, while in ours, 52% were born term and 32% were born 34-36.6 weeks. 25 16, 27 The mean birth weight was 2201.80 g in Doppler normal FGR and it was 1929.46 g in abnormal Doppler and this difference was statistically significant (p value-0.001) and was similar to Malhotra et al where birth weight of FGR with abnormal Doppler was 742±126 g and in neonates with normal Doppler was 1680±259 g and this difference was statistically significant (P=0.0001). 26 So FGR with no Doppler abnormalities had significantly better birthweights than abnormal Doppler (p value-0.0009). In a study by Sinha et al, the mean birth weight was found maximum (1958 g) in the group with normal Doppler findings (33% cases) and minimum (1519 gm) in those with abnormal Doppler which similar to present study. 23 This is also in accordance with who demonstrated that foetuses with lower birth weight had associated Doppler abnormality. 28 There was significance in EBW and original birthweights (p value:0.004) in this study. Female babies were more likely to be growth restricted compared to male babies consistent with the study by Seal A et al. 17 Gestational age at delivery and NICU stay were compared and it was found that neonates born at term had shorter NICU stays than very preterm neonates. Also, FGR with normal Doppler had shorter NICU stays than FGR neonates with Doppler abnormalities (p value-0.003) similar to Rekha BR et al (P value-0.003). 27 Baschat et al found that gestational age at delivery was a strong determinant of neonatal outcome using Obstetric Doppler. 28 33 Cosmi et al showed that, in IUGR foetuses delivered at 32 weeks, the integration of Doppler and neonatal outcome was statistically correlated with BPP. 34 FGR foetus with nonreactive NST had 3.5 times the chance of Doppler pattern abnormalities in contrast to Grivell RM who reported that NST had no significant effect on perinatal morbidity. 35 As Gestational age advances there is a significant decrease in the number of new-borns with Doppler abnormalities. (p value-0.023). Severe FGR multiplied the risk to have abnormalities in Doppler pattern by 6.7 times (p value -0.001). Perinatal morbidity worsened, with lower birthweights, Doppler abnormality, remote from term and hypertension. 10
CONCLUSION
Abnormal Doppler velocimetry is significantly associated with earlier FGR detection, shorter decision-delivery interval, reduction in the mean birthweight and a longer NICU stay. Hence, Umbilical artery Doppler and Cerebroplacental index is an integral part of in-utero fetal surveillance to identify impending fetal hypoxia, appropriate management and optimising the timing of delivery and improve perinatal health in FGR.
